INTRODUCTION
Heterogeneous catalysts are generally advantageous in terms of recovery and reuse as they can be recovered from reaction mixtures easily by simple separation methods, such as filtration, decantation, or centrifugation, and then reused 1 3 . Consequently, interest in the development of heterogeneous metal complex catalysts has increased owing to environmental and practical considerations although heterogeneous catalysts are generally less active than the homogeneous counterparts. Coordination polymer-type complex catalysts, including metal organic frameworks MOFs , have attracted particular attention in organic synthesis as well as materials science 4 13 . Coordination polymers are typically prepared by simply mixing metal ions, multidirectional ligands, and other components, thus allowing the catalytic centers to be regularly dispersed and well accumulated in a controlled manner by the choice of spacer used. Trivalent rare earth metal ions have strong Lewis acidity, large ionic radii, and high coordination numbers usually 6 to 9 . Furthermore, some of their complexes, particularly their salts of strong acids, can work as Lewis acid catalysts, even in the presence of Lewis bases such as water and amines. We have focused on these characteristics of rare earth metal ions and developed chiral and achiral rare BPDS 3 effectively catalyzed the hetero-Diels-Alder reaction of aldehydes with the Danishefsky s diene and the ring-opening reaction of epoxides with amines under solvent-free conditions Schemes 2 and 3 . After the reaction, the catalyst could be separated from the reaction mixture by simple centrifugation and then successfully reused for another reaction without any loss of activity.
We report here the Sc 2 BPDS 3 -catalyzed Friedel-Crafts reaction of indoles with aromatic aldehydes as a further application of our scandium sulfonate-based coordination polymer. This reaction effectively provided aryl diindolyl methanes, which have previously been isolated from terrestrial and marine natural sources, and exhibit several interesting physiological effects, such as antihyperlipidemic 20 , ß-glucuronidase inhibitory 21 , and antimicrobial activities 22 24 . Aryl diindolyl methanes are also utilized as synthetic intermediates for functional materials such as chromogenic sensing agents 25, 26 . While many types of metal salt or complex catalysts 27 35 , including scandium organosulfonates 36 38 , have been successfully used for this
Friedel-Crafts reaction under homogeneous or heterogeneous conditions, effective catalysis with scandium-based coordination polymers has not been reported 39, 40 .
EXPERIMENTAL PROCEDURES

General
Melting points were measured on a Yanako MP-500D micro melting point apparatus and reported uncorrected. IR spectra were recorded on a JASCO FT/IR-550 spectrometer. 1 H and 13 C NMR spectra in solution were measured on a JEOL JMN-LA400 FT NMR system at 400 and 100 MHz, respectively. Chemical shifts are given in terms of δ relative to that of tetramethylsilane internal standard or the solvent signal. Solid-state 13 C NMR spectra were recorded on a JEOL JNM-ECA 400 system at 100 MHz; the chemical shifts are expressed in δ relative to that of hexamethylbenzene methyl, 17.36 ppm . Thermogravimetry TG and differential thermal analysis DTA were performed using Seiko Instruments SII-TG/DTA 6200. X-ray diffraction XRD measurements were conducted with a Rigaku RINT2000-TTR III system. Elemental analysis was performed using a Perkin Elmer 2400II/CHN analyzer. 
Heterogeneous Catalysis with a Scandium Arylsulfonate-based Coordination Polymer
an indole 0.41 mmol in a dry solvent 0.5 mL was added an aldehyde 0.20 mmol , and the mixture was stirred at the assigned temperature under argon. The reaction mixture was cooled to room temperature and allowed to pass through a Celite pad to remove the catalyst, which was then washed with methanol. The combined organic layer was evaporated, and the chemical yield was determined by 1 H NMR in dimethyl sulfoxide-d 6 . The product was purified by silica gel column chromatography. When the catalyst was reused, the reaction mixture was centrifuged to separate the catalyst from the substrates and the product without the above filtration step, and the catalyst was washed with methanol and dried in vacuo at 200 . 
RESULTS and DISCUSSION
The IR spectrum of the prepared complex Sc 2 BPDS 3 shows that the sulfonic acid of BPSDA is almost completely converted to the corresponding sulfonate Fig. 1 . The TG-DTA curves of the complex indicated that the complex showed 1.66 weight loss in the temperature 30 to 355 and additional 3.33 weight loss upon heating to ca. 400 Fig. 2 . The first and second weight losses corresponded H with benzaldehyde 2a Ar Ph in 2:1 ratio under heterogeneous conditions Scheme 4 . The reaction performed at 30 for 2 h proceeded successfully in several solvents, and the corresponding condensation product 3aa was obtained in high yields Table  1 .
Heterogeneous Catalysis with a Scandium Arylsulfonate-based Coordination Polymer
Reactions of 1 N -or 5-substituted indoles 1b-f with benzaldehyde 2a Ar Ph were carried out in toluene to explore the substrate scope of the reaction Table 2 . In the case of 1-methylindoles 1b, the corresponding products 1ba was obtained in only moderate yields, even at a higher reaction temperature of 60 entries 2 and 3 . The unsatisfactory result may be attributed to the steric hindrance by the methyl group at the 1-position. The reactions of indoles having a methyl, methoxy, or bromo group at the 5-position 1c-e proceeded smoothly entries 4-8 . 5-Nitroindole 1f did not undergo the Friedel-Crafts reaction with 2a at 30 for 24 h, presumably because of the strong electron-withdrawing ability of the nitro group entry 9 . However, when the reaction temperature was raised to 100 , the corresponding products 3fa was obtained in moderate yield for 48 h entry 10 . The Friedel-Crafts reaction of indole 1a with aromatic aldehydes 2a-i was also carried out in toluene at 30 for 24 h Table 3 . Benzaldehydes bearing an electron-withdrawing group nitro, fluoro, bromo, or cyano , an electrondonating group methoxy , or a hydroxyl group at the 4-position successfully underwent the reaction, and the corresponding products were obtained in moderate to high yields entries 1-7 . The reaction with 2-hydroxybenzaldehyde 2h and 4-bromo-2-hydroxybenzaldehyde 2i also successfully proceeded entries 8 and 9 . It is noteworthy that Sc 2 BPDS 3 could also catalyze the reaction with aldehydes having a free hydroxyl group entries 7-9 . In addition, the Friedel-Crafts reaction of 3-methylindole 1h with 2a proceeded well in methanol rather than in toluene, and substitution occurred at the 2-position of the indole ring instead of the 3-position Scheme 5 .
A plausible mechanism of the Friedel-Crafts reaction is illustrated in Fig. 3 . Sc 2 BPDS 3 can accelerate not only the reaction between indoles and aldehydes by enhancing electrophilicity of the aldehydes as a Lewis acid A to B , but also the benzylic C-O bond cleavage C to D and C to D and the reaction between indoles and conjugated imine intermediates D to E , to afford aryl diindolyl methanes.
Finally, we assessed the reusability of Sc 2 BPDS 3 in the Friedel-Crafts reaction. After the reaction of 1d with 2a in toluene at 60 for 30 min, the catalyst was separated from the reaction mixture by simple centrifugation. The recovered catalyst was dried in vacuo at around 300 and reused in a subsequent reaction. Sc 2 BPDS 3 successfully catalyzed the reaction again, even up to the fifth run, without notable loss of the original activity yields of 3da:
99 in the 1st and 2nd runs, 99 in the 3rd and 4th runs, and 97 in the 5th run .
CONCLUSION
The air-stable and storable scandium sulfonate-based coordination polymer Sc 2 BPDS 3 was successfully applied as a heterogeneous catalyst for the Friedel-Crafts reaction of indoles with aromatic aldehydes, and the corresponding aryl diindolyl methanes were obtained. The catalyst could be separated from the reaction mixture by simple centrifugation, and reused without significant loss of activity. 
